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ABSTRACT
A herd of Rocky Mountain bighorn sheep (Ov-is canadens-is 
aanadensie) was transplanted from Wildhorse Island to the 
Cutoff area near Paradise, Montana in January 1979. Six of 
the 41 sheep were radio-collared, and several others were marked with rope collars or neck bands. Six sheep immigrated 
to the Cutoff area from a nearby herd, and 5 more rams were 
transplanted to the area in February 1981. The population was estimated at 70 during winter 1980-81. The ewe : lamb 
ratio was 100:42 at the end of winter 1980-81. Reasons for 
the apparently low productivity were discussed. Group sizes 
were lowest during May (4.1) and highest in June (11.7).
The lambing season was from early May to early June. Daily 
movements averaged 0.6 km for ewes and 1.0 km for the radioed 
ram. Ewe daily movements were relatively constant through the year. The ram showed distinct seasonal variations, 
moving 1.6 km per day during the rut and 0.3 km per day in 
winter. Home ranges averaged 541 ha for the ewes and 798 ha 
for the ram. Ewe home ranges were the smallest during 
lambing (47 ha) and largest during fall (273 ha). The ram's 
home range was 21 ha in winter and 305 ha in spring. Ewe 
standard diameters were lowest during lambing (1.8 km), and the ram's standard diameter was lowest in winter (1.7 km).
Both sexes ranged farthest during the rut, when the standard 
diameters were 5.0 for the ram and 3.1 for the ewes. Selec­
tion for cover types, habitat types, visibility classes, and 
various slope, aspect, and elevation categories was tested. 
Approximately 85% of all groups observed were within 45 m of 
escape cover, and 98% were within 135 m. Protostrongylus spp. larvae were present in feces at an average level of 1.7 
larvae per gram. The pattern of range recolonization and 
dispersal was discussed. Management recommendations were 
made.
11.
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CHAPTER I
INTRODUCTION
Bighorn sheep (Ovis oanadensis) numbered about 
1-1/2 to 2 million in the western parts of Canada, the 
United States, and Mexico during the late 19th Century 
(Seton 1929). As white settlers moved into the West, 
populations declined rapidly due to competition with live­
stock, diseases introduced by domestic sheep, and loss of 
winter range (Buechner I960), in addition to hunting for 
meat and trophy heads (Stelfox 1971). Buechner reported the 
United States bighorn population at between 15,000 and 
18,200, and Stelfox estimated the Canadian population of 
bighorns near 10,000 in the late I960's. Cassio (1975) 
estimated the bighorn population of Mexico at 3,000 to 
6,000.
Bighorns were once found throughout Montana. 
Records of early explorers mention Audubon's bighorn (0. a. 
auduboni) in the badlands areas of the eastern part of the 
State and in the Missouri River Breaks country. Rocky 
Mountain bighorns (0. o. aanadensis') were present in most of 
the mountain ranges in western Montana, In 1950, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
statewide sheep population was reported at around 1,200 
(Couey 1950). By 1975, 18 sustaining sheep herds were 
present in Montana; 12 of these had been established by 
transplanting (Trefethen 1975).
Efforts to re-establish bighorns to their native 
ranges by transplanting began in 1932 in New Mexico (Snyder 
1975). Since then, every state currently supporting big­
horns has utilized transplanting to expand sheep distri­
bution (Trefethen 1975). Varying degrees of success have 
been realized from these programs ranging from total failure 
to the establishment of expanding, harvestable herds.
In Montana during the 1930*s, limited transplants 
were made between herds to protect isolated herds from 
genetic damage through inbreeding (Guthrie 1945). Transplant 
efforts to re-establish sheep to aboriginal ranges in the 
State began in 1941 when 22 bighorns were moved from the Sun 
River herd to the Gates of the Mountains area. By 1980, 
about 50 groups of sheep had been transplanted in Montana. 
Among those evaluated, approximately half were considered 
successful (Butts 1980).
The technologies of reintroducing sheep to previ­
ously-occupied ranges are not fully developed. Factors such 
as the age/sex structure and the minimum group size needed 
to establish a viable population can be crucial and are not 
well understood. Geist (1971) stated that knowledge of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
seasonal ranges and migration routes is learned and trans­
mitted through generations, and transplanted herds generally 
will not expand their ranges because they fail to explore 
new areas. However, Butts (1980) reported on a herd recently 
transplanted into the Rock Creek Drainage of western Montana 
that was rapidly expanding its range. He speculated that 
vigorous animals from a high-quality herd (Geist 1971) were 
more apt to expand their ranges than those from a low- 
quality herd. Bear (1978) theorized that younger animals 
may have less tendency to seek their traditionally used 
areas on their own and therefore may be more likely to 
remain in the release area. Rutherford (pers. comm.) noted 
that rams over 2-1/2 years old generally leave transplant 
sites immediately and may be searching for their traditional 
ranges or social groups.
Several researchers have studied the relationship 
of sheep use to various habitat components. Shannon et al. 
(1975) related sheep distribution to several topographic and 
vegetative habitat characteristics. Tilton (1977) found 
correlations between use of winter ranges and several 
biotic and abiotic factors. The use of different vegetation 
types by some Montana herds has been investigated (Constan 
1967, Erickson 1972, Frisina 1974, Pallister 1974, Stewart 
1975). Risenhoover and Bailey (pers. comm.) found that 
cover height and density strongly influenced sheep distribution
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
According to long-time residents, large numbers of 
bighorns inhabited the Cutoff area between St. Regis and 
Paradise, Montana, until the early 1930's. Hunting by 
Indians and by people traveling through the area by railroad 
was probably responsible for the elimination of the original 
herd (Krepps 1979).
In January 1979, 41 bighorns were transplanted 
from Wildhorse Island in Flathead Lake to the Cutoff area.
My study was initiated to gather information on seasonal 
range use, migration routes, and population parameters as 
well as to provide insight into the patterns of colonization 
of the newly transplanted herd. The information gained from 
this study may contribute to understanding the complexities 
of establishing transplanted bighorn sheep herds.
The objectives of this study were to :
(1) locate and map seasonal ranges and 
movements ;
(2) census the herd;
(3) assess productivity;
(4) compare general health and vigor to 
the Wildhorse Island herd; and
(5) make management recommendations regarding 
possible habitat manipulation and future harvest.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II 
DESCRIPTION OF THE STUDY AREA
Location
The study area was situated along the north side 
of the Clark Fork River approximately 8 km southwest of 
Paradise, Montana, in the St. Regis-Cutoff area (Fig. 1).
The sheep herd inhabited a strip of land approximately 1.6 
km wide and 13 km long between Patrick Creek and the point 
where Montana Highway 200 crossed the Clark Fork River.
Ownership
The entire study area was in the Sacajawea-Cutoff 
Planning Unit of the Lolo National Forest. One section (259 
ha) south of Patrick's Knob and l/8th of a section (32.4 ha) 
east of Patrick Creek were owned by Burlington Northern. 
Approximately 62 ha along the Clark Fork River near Sheep 
Creek were privately owned. All other land on the study 
area was administered by the U.S. Forest Service.
Topography
The area along the Clark Fork River was predom-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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inantly rock outcrops and scree slopes. Several steep, 
rocky slopes and some grassy basins were also present.
Areas above 1,340 m elevation and most of the shaded ravines 
were steep and rocky and supported open forest cover. 
Elevations ranged from 805 m along the River to 2,084 m at 
the top of Patrick's Knob.
Geology and Soils
About 95% of the study area lower than 1,340 m 
elevation was classified as the Rockland and Talus Landtype 
(Peterson 1976),
"(This) Landform consists of moderately 
sloping to precipitous areas of rockland 
and talus, which occupy more than 50% of 
the area...Less than 50% of any delinea­
tion of this landtype is composed of 
'soil'. Soil areas which do occur are 
small, scattered areas of stony loams 
intermingled with the barren or nearly 
barren rockland and talus...."
Higher elevations were classified as Mountain 
Uplands with Sandy Residual Soils (Peterson 1976).
"(This) Landform consits of mountain 
uplands with incised valleys and sharp 
divides ... Geologic materials which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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underlie and affect this landtype are 
Precambrian quartzltes with minor in - 
trusions of argilites, siltites, and 
abundant carbonate rocks. Soils are 
moderately deep to deep, sandy textured, 
and contain angular rock fragments.
A surface mantle of silty volcanic ash 
overlies the sandy materials on northerly 
aspects, ridges, and on southerly aspects 
above 4500-5000 feet elevation...Small 
areas of shallow soils may occur on ridges 
and the most steeply sloping portions of 
these landtypes. Soils are well drained 
with moderately rapid permeability and 
moderate moisture storage capacity."
Vegetation
Ponderosa pine (Pinws ponderosa) and Douglas-fir 
(Pseudotsuga memiesi-i') were the major tree species on the 
study area. Tree canopy cover on most slopes was sparse, 
but ranged from 10 to 20% on higher elevations and in moist 
ravines. The canopy cover in the lower part of the Patrick 
Creek drainage and on some level areas along the Clark Fork 
River was from 40 to 60%. Graminoids comprised less than 
50% of the forest understory and included pinegrass iCalama-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
grostis rubesoens^, Idaho fescue (Festuaa idahoensis), 
bluebunch wheatgrass iAgropyron spiaatum), and elk sedge 
iCarex geyeri). Shrub density varied from 15 to 60% in 
forested areas with mockorange (Philadelphus lewisii') , 
serviceberry (^AmeZanohiev aZnifolia') ̂ snowberry (^Symphopd- 
oarpos albus), ninebark {Physooarpus malvaaeous), oceanspray 
(Holodiscus d-isootor) , and Oregon grape (.Berberis repens) 
the most common species.
In unforested areas other than rockland, grami­
noids accounted for 10 to 25% of the ground cover. The most 
common species were bluebunch wheatgrass, Idaho fescue, elk 
sedge, cheatgrass iBromus teatorum') , and Sandberg's blue- 
grass iPoa sandbevgii') . Shrub cover in these areas ranged 
from 15 to 25%. Common shrubs present were chokecherry 
(Prunus virginiana), serviceberry, snowberry, oceanspray, 
mockorange, and ceanothus (Ceanothus velutinus') .
The study area has been classified to habitat type 
(Pfister et al. 1977) by Lolo National Forest personnel (map 
on file at Lolo National Forest Office, Missoula). Approxi­
mately 87% of the area was classified as scree. Pseudotsuga 
menzies-Ci/Physoaarpus maZvaaeous and Pseudotsuga menz'Lest'i/ 
CaZamagrostis rubesoens habitat types were present at the 
higher elevations and in the more moist areas.
Four of Tilton's (1977) cover types occurred on the 
study area. A brief description of each is given below.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(1) Rockland. This type is characterized 
by a non-bryoid canopy coverage of less than 
25%. Rockland areas are composed primarily
of cliffs, outcrops, and talus slopes that 
may support widely scattered trees, shrubs, 
and bunchgrasses.
(2) Grassland-shrubland complex. These 
areas have canopy coverages of less than 25% 
for conifers, 25 to 100% for shrubs, and less 
than 75% for perennial grasses.
(3) Open forest. Canopy coverages for 
these areas are 25 to 75% for conifers, 5 to
75% for shrubs, and 5 to 75% for perennial grasses.
(4) Closed forest. Canopy coverages for 
this type are 76 to 100% for conifers, 1 to 100% 
for shrubs, and 1 to 4% for perennial grasses.
Land Use
The Cutoff sheep range was essentially roadless.
A low-standard dirt road paralleled the River from the 
western edge of the study area to Fourteenmile Creek.
Vehicle access was restricted by a locked gate approximately 
1.6 km west of Fourteenmile Creek. The Burlington Northern 
railroad tracks bordered the southern edge of the area, and 
Montana Highway 200 bordered the northeastern corner.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Almost all of the area was classified and managed 
as big game winter range (U.S. For. Serv. 1980). Forest 
land on the area was classified as unsuitable for commercial 
timber harvest. Road construction was not permitted unless 
justified for development of mineral resources. Livestock 
grazing may be allowed, but no grazing allotments were in 
effect at the time of the study. Recreational facilities 
will not be constructed under the current management plan.
One silver and lead mine and two unpatented 
building-stone placer mining operations were active on the 
sheep range. Several other claims on the study area were 
not yet developed.
The area received light recreational use. Forest 
Service trail number 1714, from Fourteenmile Creek to 
Patrick's Knob, was used occasionally by hikers and back­
packers. Fishermen utilize the River frequently during the 
summer, but the main recreational use of the area occurred 
during the general big-game hunting season.
Mule deer (^Odoao-iZeus hem'Zonus) , white-tailed deer 
(O. virg-inianus'), and elk (Cervus eZaphus) were present in 
low numbers during the summer and fall on the sheep range. 
Elk numbers increased to about 20 during the winter and 
spring. The area supported approximately 200 to 300 mule 
deer and white-tailed deer during that period.
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CHAPTER III
METHODS
Demography
Twenty-six sheep were marked with either radio 
collars, neck bands, or rope collars when transplanted 
(Appendix A ) . Seasonal population estimates were derived 
using the Lincoln Index. Totals of marked and unmarked 
sheep seen during each season were used to estimate popu­
lations (Overton 1971).
Sheep were classified to sex and age whenever 
possible using body size, horn configuration, and behavioral 
characteristics as indicators. The estimated number of 
sheep in each sex and age class was obtained from the 
highest number of sheep seen in each class on a single day 
during each season. Lambs born in 1979 were classified as 
yearlings after 1 May 1980.
Seasonal ewe : lamb, ewe :yearling, and yearling: 
lamb ratios were calculated by totaling the number of ewes, 
lambs, and yearlings seen during each season regardless of 
duplication. Ratios were also derived using the highest 
number of sheep observed in each sex and age category on a
12
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single day during each month (Butts 1980).
A weekly census was conducted along a predeter­
mined route (Appendix B). The portions of the range visible 
from the observation points were scanned through binoculars 
and telescope. The amount of time spent at any census point 
varied between 5 and 15 minutes, depending on the amount of 
the range visible. Radio receivers were not used during 
these counts to lessen bias toward sighting groups contain­
ing radio-collared sheep. This was done to simulate condi­
tions without radio-collared sheep and assess the feasi­
bility and reliability of future counts conducted under 
those conditions.
Cohesion coefficients (Campbell and Knowles 1978) 
were calculated for all pairs of radioed sheep that had 
overlapping home ranges.
Movements
When the sheep were transplanted to the study 
area, 6 were radio-collared, 6 marked with individually 
identifiable rope collars, and 14 were marked with red or 
blue neck bands. Attempts to capture additional sheep for 
collaring were unsuccessful. Only one sheep was captured 
and the collar placed on that sheep deteriorated by the end 
of summer. I attempted to locate the radio-collared sheep 
at least twice weekly. The flagging on the rope-collared
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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sheep deteriorated and those individuals could not be 
positively identified.
Locations of radioed sheep were plotted on a 3.2 
cm to 1 km topographic map. Seasonal and annual modified 
minimum home range sizes (Harvey and Barbour 1965) were 
measured from these points. Using this method, locations 
that were farther than 1/4 the range length from any other 
point were excluded from the home range area. These out­
lying points were connected to the nearest point with a 
straight line. These lines were considered to have a width 
of 100 m and were included in the home range size estimates. 
The modified minimum method was chosen because the study 
area was crescent-shaped, and the minimum home range size 
method (Hayne 1949) would have included large unused areas.
Seasons were defined as: spring, 1 March -- 30
April; lambing,1 May -- 31 May; summer, 1 June -- 30 Sep­
tember ; fall, 1 October -- 31 December; and winter, 1 Jan­
uary -- 28 February. Seasonal and annual centers of activ­
ity (Hayne 1949) and standard diameters (Harrison 1958) were 
calculated for each radio-collared sheep. Because radioed 
sheep were located just 12 times each during 1979, only 
annual centers of activity and standard diameters were 
calculated for that year.
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Vegetation Assay
To ascertain which cover types were present on the 
study area, vegetation was sampled systematically on most of 
the western half of the study area during the summer of 
1980. Because vegetation composition and density were 
generally influenced by aspect and slope, each slope was 
sampled. Because of the ruggedness of the terrain in the 
eastern half of the study area, vegetation was not system­
atically sampled there. The portion of the study area east 
of Bass Pond was mostly cliffs, outcrops, and scree slopes, 
and cover type classifications there were estimated by 
ocular comparison with representative types in the western 
half.
Circular plots of 0.004 ha were used to estimate 
tree and shrub canopy cover. A 1-m square plot was used to 
estimate the proportion of grass, forbs, litter, moss, bare 
soil, and rock present.
To assess cover density, a cover density measure­
ment for each sampled area was derived by using a 0.3 x 
1.5 m cover density board divided into 20 15-cm squares.
The number of squares that were one-half or more visible at 
a distance of 40 m from the point being sampled were counted 
by an observer. Sampling points were at 50-m intervals 
along a transect line. Four samples were taken at each 
point. These were at 0®, 90*, 180®, and 270° relative to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
the direction of travel along the transect line (Fig. 2). 
"Counts" of squares were averaged for the area being sam­
pled. Areas were classified as low (0-25%), moderate (26- 
40%), or high (41-100%) visibility.
Browse condition near Squaw and Fourteenmile 
Creeks has been assessed annually since 1959 by personnel of 
the Forest Service and the Montana Department of Fish, 
Wildlife and Parks. Their data were used as a general 
indicator of browse condition on the study area.
Habitat Selection
When radioed sheep were located, the cover type, 
habitat type, cover density class, elevation, slope, and 
aspect in the vicinity of the sheep were noted. The percent 
slope was estimated from a topographic map and was recorded 
as 0-10%, 11-35%, 36-60%, 61-80%, or greater than 80%.
Aspect was recorded as W, SW, S, SE, E or NE. Elevation was 
recorded as lower than 850 m, 850-980 m, 980-1,100 m,
1,100-1,220 m, 1,220-1,340 m, 1,340-1,460 m, or higher than 
1,460 m. Distance to escape cover was estimated to the 
closest 10 m. "Escape cover" was defined as a forested area 
of greater than 25% canopy cover or an outcrop, cliff, or 
scree slope.
Areas of each type or classification were measured 
with a dot-grid overlay. The area considered as "available
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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^ S a m p le  Points
Fig. 2. Sampling scheme for cover visibility assessment 
Cover density board was placed 40 m from sample 
points at 0®, 90®, 180®, and 270® relative to 
the transect line.
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habitat" for purposes of testing selection was that bounded 
by the Clark Fork River on the south and east and by the 
limits of the home ranges of all radio-collared sheep on the 
north and west (Fig. 1). The Chi-squared test was used to 
test the hypothesis that bighorn sheep utilized habitat 
categories in proportion to their occurrence. If the 
hypothesis was rejected (p<0.05), selection for each of the 
individual habitat categories was examined by the method of 
Neu et al. (1974). The term "preferred" was used for areas 
that sheep used in significantly greater proportion than 
occurrence. "Avoided" areas were those that were used 
significantly less than their proportionate availability. 
"Indifferent" denoted areas in which habitat use was not 
significantly different than occurrence. To eliminate bias 
toward sightings in sparse cover, only locations of the 
radio-collared sheep were used to test selection.
Parasites
Fecal pellets were collected in April 1980 from 
pellet groups in the Cutoff area and on Wildhorse Island. 
These samples were analyzed by the Veterinary Research 
Laboratory in Bozeman, Montana, for the presence of lungworm 
iProtostrongytus spp.) larvae.
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CHAPTER IV
RESULTS
Census
Twenty-six sheep were marked when transplanted to 
the Cutoff area. Three of the marked sheep were found dead 
before the study began, and I assumed that others either 
died or lost their collars. Therefore, I used the best 
count of marked sheep seen during the study when calculating 
population estimates. The maximum number of marked sheep 
seen on a single day was 19. Fifty-six sheep were sighted 
that day, and only 1 adult ewe known to be alive was not 
seen. Other sheep known to be in the population then that 
were not seen were lambs and yearlings that were not marked. 
All 10 sheep with rope collars or radio transmitters were 
seen. Nine ewes with colored neck bands were sighted, and 
I assumed that the ewe not seen was unmarked.
Among 2,816 observations of individual sheep, 794 
were of marked animals. The herd was estimated to contain 
57 sheep during spring 1980, 73 during summer 1980, and 65 
during winter 1981 (Table 1).
19
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Table 1. Seasonal population estimates, 1980-81.
Season
Total
Number
Observed
Number
Marked
Observed
Population
Estimate
95% Confidence 
Interval
Spring 418 138 57 53 - 63
Lambing 237 84 53 49 - 61
Summer 1510 391 73 70 - 77
Fall 380 102 70 65 - 79
Winter 271 79 65* 59 - 74
* Estimate was calculated from data gathered prior to the
supplemental transplant of 5 adult rams on 27 February 1981
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Population Structure
Seasonal population structure estimates are 
presented in Table 2. These are minimum estimates based on 
the "best count" of each sex and age class seen on a single 
day in each season. Rams 2-years old and older were gener­
ally in smaller groups and in areas where they were less 
likely to be sighted than were ewes, lambs, and yearlings. 
The decline in numbers in the ram age classes does not 
necessarily infer mortality but is more likely a result of 
lower visibility.
Five additional adult rams were transplanted to 
the study area after the field portion of this study was 
completed. Those rams were not included in the population 
structure estimates.
Observations of sheep during the study included 
1,196 ewes, 627 lambs, and 259 yearlings. The calculated 
ewe : lamb ratio was 100:57 during summer and declined to 
100:42 by the following winter. Ewe : lamb and ewe :yearling 
ratios derived by the "best count" method were generally 
higher (Table 3). There were 228 lambs per 100 yearlings in 
the herd during the summer and 116 lambs per 100 yearlings 
by the following winter.
Approximately 70% of lambs known to be born in 
1980 were alive by the end of the following winter. About 
80% of the yearlings present in the herd during the summer
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Table 2. Seasonal population structure estimates, 1980-81.*
Season Lamb
Yearling 
Male f*emale Ewe
2-year
old
Ram
3-year
old
Ram
4-year 
old 
Ram
Spring 13 1 0 24 4 1 0
Summer 19 7 7 29 6** 4 1
Fall 13 6 7 20 3 2 1***
Winter 13 6 5 24 2 1 0
* Estimates were calculated from data gathered prior to the 
supplemental transplant of 5 adult rams on 27 February 1981 
** Includes sheep that were not members of the original trans­
plant group that immigrated to the study area.
***Died in December 1980.
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Table 3. Seasonal ewe:lamb, ewe:yearling, and yearling: 
lamb ratios by totals of sheep seen and ("best 
count") during each season, 1980-81.
Season
Lambs : 
100 ewes Yearlings : 100 ewes
Lambs :
100 yearlings
Spring 47 (54) 1* (4) 4000* (1300)
Summer 57 (55) 25 (45) 228 (136)
Fall 60 (65) 31 (65) 196 (100)
Winter 42 (54) 36 (46) 116 (118)
* Only one yearling was present in the herd during spring 
1980, and it was sighted only once.
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were known to be alive by the end of the winter.
Census Route
Total sheep seen during weekly census route counts 
varied from 0 to 59. The highest counts for each month 
ranged from 30% to 81% of the population estimate for that 
month (Fig. 3). The average number of sheep seen on each 
count ranged from 10.5 during May to 30 during October.
Census routes were conducted during all times of 
the day. Greater numbers of sheep were seen during the late 
afternoon and evening during the summer months, but no 
apparent differences in numbers seen relative to time of day 
were noted for other times of the year. Weather had an 
effect on the number of sheep seen. Rain, fog, and snow 
limited visibility, and sheep seemed to be less active and 
less likely to be sighted on hot days during the summer.
Group Size
Observations of 352 groups of sheep were recorded 
during the study. Approximately 75% of the groups contained 
less than 10 sheep, and 40% contained from 2 to 5 (Table 4). 
Average group size was 7.4.
Groups were classified as ewe, ewe:lamb, ewe : 
yearling, ewe : lamb :yearling, ram, or mixed (Table 5). Mixed 
groups contained at least 1 ram older than 2-years old and
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Table 4. Frequency distribution of group size.
Number of groups Percent
Group size observed of total
1 58 16.5
2 - 5 139 39.5
6 - 1 0 72 20.5
11 - 15 38 10.8
16 - 20 21 5.9
21 - 25 10 2.8
26 - 30 7 2.0
31 - 40 4 1.1
41 - 50 3 0.9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
27
Table 5. Mean group size by group type. (1979 and 
1980-81 combined).
Group
Type
Number 
of groups 
observed Range Mean
Standard
Deviation
Ewe 76 1 - 1 1 2.2 1.84
Ewe/lamb 89 2 - 3 2 7.4 6.06
Ewe/lamb/ 
yearling 42 3 - 3 2 11.8 7.61
Ewe/yearling 18 2 - 1 2 5.4 3.05
Ram 28 1 - 5 2.2 1.39
Mixed 73 3 - 4 7 13.4 8.69
Total 326 1 - 4 7 7.5
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any combination of ewes, yearlings, or Iambs. Mixed groups 
averaged the largest (13.4), and groups containing only ewes 
or rams were the smallest (2.2). All group types contained 
the largest numbers during the summer months and were gener­
ally the smallest during lambing and late winter (Table 6). 
The smallest monthly average group size was 4.1 in May when 
the ewes were lambing. Average group size was the largest 
during June (11.7).
Cohesion Coefficients
Cohesion coefficients were calculated for each 
pair of radioed ewes to assess the degree of association 
between individuals (Table 7). Seasonal means of cohesion 
for individual sheep ranged from 0 to 0.49. The seasonal 
means for all ewes ranged from 0.05 to 0.35. The lowest 
seasonal mean cohesion coefficient was during lambing, and 
the highest was during summer. Seasonal cohesion coeffi­
cients for each pair of sheep are shown in Appendix C.
Lambing
The first lamb of the 1980 lambing period was seen 
on 6 May. A neck-banded ewe was seen alone on the lambing 
cliffs on the evening of 5 May. The next morning that ewe 
was in the same location with a lamb. Other ewes moved to 
the lambing areas alone or with another ewe throughout May
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Table 6. Mean group 
combined),
size by month (1979 and 1980-81
Month
Number 
of groups 
observed Mean
Standard
Deviation
Jan 24 6.9 7.1
Feb 29 4.4 3.3
Mar 36 5.9 4.5
Apr 30 7.1 7.9
May 69 4.1 3.7
Jun 34 11.7 10.2
Jul 32 11.3 10.8
Aug 36 9.9 8.4
Sep 21 8.5 7.7
Oct 13 9.3 6.2
Nov 18 7.9 7.8
Dec 8 4.9 6.7
Total 350 7.4 7.6
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Season
Number of 
Radioed ewes
Range 
of times 
observed
Range of 
Individual 
Cohesion 
Coefficients
Mean of 
Cohesion 
Coefficients Range of means
Spring 4 14 - 15 0 - 0.36 0.09 0.02 - 0.18
Lambing 4 12 - 14 0 - 0.31 0.05 0 - 0.10
Summer 4 35 - 47 0 - 0.83 0.35 0 - 0.49
Fall 4 19 - 20 0.05 - 0,45 0.23 0.06 - 0.29
Winter 4 13 0 - 0.77 0.23 0 - 0.38
Total
1980-81 4 94 - 106 0.01 - 0.52 0.23 0.02 - 0.32
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and the first week of June. I believe all lambs in 1980 
were b o m  before 10 June.
Generally, ewes moved to the lambing areas 2 to 3 
days before parturition and remained there for 1 to 2 weeks 
after the lamb was born. At least 19 lambs were born 
during 1980.
Most lambs were born in the cliffy area approxi­
mately 0.8 km west of Fourteenmile Creek (Appendix B), At 
least 3 ewes lambed on the cliffs 0.4 km west of Squaw 
Creek. One ewe lambed on the rocky, south-facing slope 
directly east of Patrick Creek. Ewe No. 9 and other ewes 
that resided in the eastern half of the study area lambed on 
the outcrops and cliffs between Bass Pond and Quinns.
Daily and Seasonal Movements
The 4 radio-collared ewes and 1 ram were observed 
on consecutive days 142 times. Average daily movements 
during each season were calculated from those observations 
(Table 8). Ewe groups moved an average of 0.6 km per day. 
Movements did not vary much throughout the year.
The collared ram averaged 1.0 km per day during 
the year. Winter was the season of least movement (0,3 km 
per day), and the most active period was fall (1.6 km per 
day) .
No distinct seasonal movements or migrations were
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Table 8. Daily movements of radio-collared sheep.
Season Average move­ment (km/day) Range Sample size
Spring
Ewes
0.6 0 1.2 8
Lambing 0.6 0 — 2.4 19
Summer 0.7 0 - 2.2 50
Fall 0.6 0 - 2.0 33
Winter 0.7 0 - 1.6 18
Total
1980-81 0.6 0 — 2.4 128
Spring
Ram
1.2 0 .4 3.2 4
Summer 0.7 0 - 1.0 4
Fall 1.6 0 - 3.6 6
Winter 0.3 0 - 1.2 4
Total
1980-81 1.0 0 3.6 18
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noted for the ewes. Winter centers of activity averaged 0.6
km distant from summer centers of activity, and winter
ranges were contained within their summer ranges (Appendices 
D-F) .
The ram's winter center of activity was 4.4 km 
distant from his summer center of activity (Appendix D).
His winter range did not overlap any of his other seasonal 
ranges. Movement to the winter range was not a direct 
migration, but more of a gradual "drift" which began shortly 
after the end of the breeding season.
Home Range
The radio-collared ewes were each located an 
average of 89.5 times during 1980, and the average home 
range was 541 ha (Table 9). Average seasonal home range 
sizes for the ewes were the smallest during lambing (47 ha) 
and largest during fall (237 ha). The radioed ram was 
located 69 times during 1980 and had a home range of 798 ha. 
Most of the area of the summer home range of the ram was 
separate from that of all radioed ewes, but some overlap 
occurred (Fig. 4).
Although the calculated home range sizes for 1979 
were considerably smaller than those for 1980, a direct 
comparison of the areas was not appropriate because of the 
small number of locations obtained during 1979. A compari-
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 ̂ Table 9. Seasonal home range sizes (ha) of radio-collared sheep, 1979 and 1980-81.
* Locations during Che lambing season were combined with spring locations.
Ewe 6 Ewe 7 Ewe 8 Ewe 9 X Ewes Ram
Size \H Size ~'T Size Size N Size N Size N
1979 88 13 165 13 77 13 106 11 109 12 124 13
1980-81
Spring 42 11 145 16 135 14 97 13 104 14 305 18
Lambing 46 12 51 12 32 9 60 8 47 10 *
Summer 181 35 179 34 181 36 268 28 202 33 245 21
Fall 214 20 285 19 264 20 186 19 273 20 222 18
Winter 44 13 57 11 62 13 80 13 61 13 21 13
1980-81 417 91 621 92 570 92 554 81 541 89 798 70
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son of the 1979 and 1980 home ranges of individual sheep 
indicated no apparent shifts of home ranges or major range 
extensions. Radioed ewes Nos. 6, 7, and 8 were generally 
found west of Fourteenmile Creek. The 1980-81 centers of 
activity for those sheep were all approximately 0.2 km from 
their 1979 centers of activity. Ewe No. 9 was usually 
located between Bass Pond and Sheep Creek. Her 1979 and 
1980-81 centers of activity were approximately 1.1 km apart. 
The radioed ram ranged the length of the study area but was 
located mostly east of Fourteenmile Creek. His 1980-81 
center of activity was 2.4 km northeast of that for 1979.
Standard Diameters
Standard diameters (Harrison 1958) for the ewes 
averaged 2.8 km during 1979 and 2.5 km during 1980-81 (Table 
10). The ram's standard diameter was 3.9 km during 1979 and 
4.0 km during 1980. Ewes moved the least during the lambing 
season when standard diameters averaged 1.8 km. The ram 
moved the least during the winter; the standard diameter 
then was 1.7 km. Both sexes ranged farthest during the fall 
breeding season when the standard diameter was 5.0 km for 
the ram and 3.1 km for the ewes.
Habitat Selection
Vegetative composition assays revealed 4 cover
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Table 10. Seasonal standard diameters (km) cf home ranges of radio-collared sheep, 1979 and 1980-81.
Ewe 6 Ewe 7 Ewe 8 Ewe 9 X Ewes Ram
Jize N . ôize N Size Size S Size N Size k
1979 2.1 14 2.9 13 2.2 13 4.1 11 2.8 13 3.9 13
1980-81
Spring 2.0 12 3.2 16 3.1 14 3.1 13 2.8 14 3.5 18
Lambing 1.6 12 1.7 12 1.8 9 2.1 8 1.8 10 *
Summer 2.0 35 2.1 34 2.1 37 2.7 28 2.2 34 3.7 21
Fall 3.0 20 3.5 19 2.8 20 3.4 19 3.1 20 5.0 18
Winter 1.7 13 2.4 11 1.8 13 1.4 13 1.8 13 1.7 12
Total
1980-81 2.1 92 2.6 92 2.4 93 2.7 81 2.5 90 4.0 69
* Locations during the lambing season were combined with spring locations for the ram.
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types on the study area. One 5-ha area of closed forest 
cover type was present. The remainder of the study area was 
composed of 254 ha of open forest cover type, 334 ha of 
grassland/shrubiand type, and 785 ha of rockland cover type. 
Because the expected number of locations in the closed 
forest cover type was less than 5, the area of that type was 
combined with the open forest cover type for selection 
testing.
The radio-collared sheep were located 415 times 
during the study. To avoid bias toward types in which sheep 
were more visible, tests were applied only to recorded 
locations of radio-collared sheep.
Ewes preferred the grassland/shrubland cover type
during spring and fall (Appendix G ) and tended to prefer
that type during summer (p = 0.19). The open forest cover
type was avoided except during winter. The rockland cover
type was avoided during winter and used in proportion to
availability the rest of the year. Because of the small
sample sizes, seasonal vegetation type preferences were not
calculated for the ram, but all cover types were used in
2proportion to their availability throughout the year (X = 
0.28, 2 d.f., p> 0.25).
Cover density was measured during the summer and 
only in the western half of the study area. Because changes 
in plant phenology would likely change cover density, only
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locations recorded during the summer were used to assess 
selection relative to cover density. Locations of the 2 
radio-collared sheep whose summer home ranges were not 
entirely within the western half of the study area were 
excluded from the analysis. A Chi-squared contingency test 
showed cover types and visibility classes to be independent 
(X^ = 3.22, 4 d.f. , p>0.25).
Sheep avoided areas of low visibility within the 
grassland/shrubland and open forest cover types (Appendix 
H) and preferred moderate visibility areas within the 
grassland/shrubland cover type. Use of all visibility 
classes within the rockland cover type was in proportion to 
occurrence. No areas of open forest were classified as 
moderate or high visibility on the area sampled.
The ewes avoided east-facing aspects during 
spring, summer, and fall, and southwest-facing aspects 
during winter (Appendix I). Northeast aspects comprised 
5.2% of the study area, and no radioed ewes were ever lo­
cated there. Southwest aspects were preferred during 
lambing, and south-facing aspects were preferred during fall 
and winter. The ram avoided east and northeast aspects 
during summer and used all others in proportion to their 
occurrence during that season. Sample sizes were too small 
to test selection by the ram during other seasons.
During spring, ewes preferred 11-35% slopes and
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avoided slopes of greater than 80% (Appendix J). Slopes of 
less than 35% were avoided during lambing, while slopes of 
greater than 60% were preferred during that time. In 
summer, the ewes avoided slopes of less than 35% and used 
other slopes in proportion to their occurrence. Slopes of 
11-35% and 61-80% were avoided during the fall, and slopes 
of greater than 80% were preferred.
Seasonal slope preferences for the ram were not 
calculated because of the small sample sizes, but slopes of 
less than 35% were avoided and slopes of greater than 80% 
were preferred throughout the year.
Ewes avoided areas lower than 850 m and preferred 
areas between 850 and 980 m during the spring (Appendix K). 
Areas lower than 850 m were also avoided during lambing, 
while other elevations were used in proportion to their 
availability during that time. In summer, ewes preferred 
areas between 850 and 980 m, avoided areas from 1,220 to 
1,440 m, and tended to avoid areas between 1,100 and 1,220 
m (p = 0.15). Ewes avoided areas between 1,100 and 1,440 m 
during fall while tending to prefer areas between 980 and 
1,100 m (p = 0.16). In winter, areas of 1,100 to 1,220 m 
were avoided, and other areas were used in proportion to 
their availability. Overall, the ewes preferred elevations 
from 850 to 1,100 m, avoided areas between 1,100 and 1,440 
m, and used areas less than 850 and greater than 1,440 m in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
41
proportion to their availability. The ram avoided areas 
less than 850 m and between 1,220 and 1,440 m, preferred 
areas of 1,100 to 1,220 m, and used other areas in propor­
tion to their availability.
Habitat types (Pfister et al. 1977) were used in 
proportion to their occurrence throughout the year (X = 
1.92, 3 d.f. , p>0.25 for ram; = 4.06, 3 d.f., p>0.25 
for ewes).
Distance to Cover
Monthly average distance to cover was calculated 
from observation of 394 groups of sheep (Fig. 5). Average 
distances were less than 20 m during May, June, July, and 
October, greater than 40 m during December, and 20 to 40 m 
during all other months. Approximately 85% of all groups 
observed were within 45 m, 95% were within 90 m, and 98% 
were within 135 m of escape cover (Table 11).
Mineral Licks
Several mineral licks were present on the study 
area (Appendix B), most were areas of soil exposed during 
road and railroad construction. Lick No. 1, 0.8 km west of 
Fourteenmile Creek along the roadcut, and lick No. 2, along 
the railroad tracks 0.8 km east of Fourteenmile Creek, were 
used heavily. A salt block (lick No. 3) was placed near the
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Table II. Frequency distribution of group observations 
relative to distance from escape cover.
Distance (m)
Number of groups 
observed Percent of total
< 4 5 338 85.0
46 - 90 38 9.6
90 - 135 14 3.6
>  135 7 1.8
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lambing cliffs east of Squaw Creek, and sheep used it 
frequently. The greatest use of the mineral licks occurred 
from early June through mid-July, but sheep were seen using 
the licks occasionally throughout the year.
Parasites
Pellet analysis revealed a low level of lungworm 
i P r o t o s t r o n g y l u s spp.) infestation in the Cutoff herd 
(Table 12). Larvae were present in 11 of the 20 samples 
collected at an average level of 1.7 larvae per gram of 
feces (range 0-13.4).
Pellets from the Wildhorse Island herd averaged 
16.1 larvae per gram of feces (range 0-70.6). Only 2 of 34 
samples collected contained no larvae.
Using the criteria of Uhazy et al. (1973), the 
lungworm level of both herds can be considered low, but the 
infestation level of the Wildhorse Island herd was signifi­
cantly higher than that of the Cutoff herd (t = 3.96, 52 
d.f. , p<0.0005) .
Mortality
Three sheep died within 1 month after being trans­
planted to the study area. One, an adult ewe, was hit by a 
train. The causes of death of the other 2, a male lamb and 
an adult ewe, were not determined.
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Table 12. Lungworm larvae in feces of Cutoff and
Wildhorse Island sheep herds, April, 1980.
Cutoff Area Wildhorse Island
Number of sampler 20 34
X Larvae1 gm feces 1.7 16.1
range 0-13.4 0-70.6
95% 01 0.1-3.22 9.7-22.5
Proportion of 
samples infested .55 .94
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An adult ewe was found dead near Bass Pond in 
March 1980. A ewe, estimated at 12 to 15 months of age, 
died during the summer of 1980. The causes of death for 
those 2 sheep were not determined. A dead adult ewe was 
found on a gravel bar in the river on 28 February 1981. The 
cause of death was not determined, but it may have been hit 
by a train and thrown into the river on impact. A 2-year- 
old ram, which apparently immigrated to the study area from 
a nearby herd, died of pneumonia on 15 August 1980. A 4- 
1/2-year-old ram was illegally shot on 28 December 1980. On 
16 January 1981, a ram was reported hit by a train, but no 
carcass was found.
Browse Condition
Permanent browse condition survey transects were 
established by the Forest Service in the Fourteenmile Creek 
drainage in 1959 and near the old ferry crossing west of 
Squaw Creek in 1971.
Average leader use in the Fourteenmile Creek area 
for the 10 years before the sheep transplant (1968-1978) was 
34.3% (range 9-66%). Leader use was 53.4% in 1979 and 65.6% 
in 1980. A t-test showed that leader use in the 2 years 
since the transplant was significantly greater than in the 
previous 10 years (1979, t = 3.30, 9 d.f., p<(^0.005; 1980, 5 
= 5.41, 9 d.f., p ̂ 0.005) .
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Average leader use on the Ferry Crossing transect 
was 29.1% for all years before the sheep transplant. Leader 
use in 1979 (39%) and 1980 (30.2%) was not significantly 
different than prior to the transplant.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER V
DISCUSSION
Productivity
The Cutoff herd was estimated at 70 sheep at the 
end of winter 1981. However, 5 of those were added as a 
supplemental transplant, and at least 6 (1 of which died 
during the summer) immigrated to the Cutoff from a nearby 
herd. If those 10 sheep are subtracted from the estimate,
60 sheep were present that were either members of, or 
produced by, the original transplant group. In spring 1980, 
the population was estimated at 57 , a 39% increase since the 
date of the 1979 transplant. Without immigration and the 
supplemental transplant, only a 5% increase would have 
occurred from spring 1980 to the end of winter 1981.
The ewe : lamb ratio is lower than those reported 
for several other Montana herds (Couey 1950, Cons tan 1967, 
Erickson 1972, Brown 1974, Butts 1980), but slightly higher 
than those reported by Pallister (1974) and Stewart (1975) 
for a declining herd. Slightly less than 70% of the lambs 
known to have been born in 1980 were alive by the end of the 
following winter. A slightly lower survival rate was
48
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reported by Woodgerd (1964) for Wildhorse Island lambs.
Klaver (1978) reported 50% lamb mortality for a stable herd 
in the Bitterroot Mountains.
Summer ewe : lamb ratios of 100:100 and lamb sur­
vival over 90% have been reported for vigorous herds (Brown 
1974, Van Dyke 1978, Butts 1980). The summer ewe : lamb ratio 
calculated from my data was 100:57, indicating either a 
relatively high degree of lamb mortality shortly after birth 
or non-breeding by some ewes. I found no direct evidence of 
lamb mortality during ny study. Butts (1980) suggested that 
ewe : lamb ratios derived by the "best count" method may be 
more reliable than those calculated from totals of sheep 
seen. In my study, the "best count" ratios did remain 
relatively constant from lambing through winter (Table 5), 
but this was due to the fact that lamb loss was accompanied 
by a lower number of ewe sightings and possible ewe mortality, 
The total number of yearlings sighted was fairly constant 
throughout the year, and lamb :yearling ratios declined, 
indicating lamb loss. Concurrently, the yearling:ewe ratio 
increased, indicating ewe mortality also.
Both bald and golden eagles are common on the 
Cutoff during spring. Allen (1939) observed several kills 
by eagles of 0. a. netsoni lambs in Nevada, and other 
researchers have reported eagles harassing sheep (Berwick 
1968, Brown 1974). I observed golden eagles perched on
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lambing cliffs and flying low over ewes with lambs, but saw 
no actual attempts by eagles to kill lambs. Coyotes and 
mountain lions prey on bighorns and both are present on the 
study area, but their effect on controlling sheep popula­
tions is reportedly minimal (Couey 1950, Hornocker 1970,
Geist 1971). Spraker and Hibler (1977) reported high summer 
lamb mortality because of high lungworm infestations and 
subsequent pneumonia, but the low lungworm levels in the 
Cutoff herd probably preclude that as a cause of mortality 
on my study area. At least 1 adult ewe was known to have 
died between lambing 1979 and lambing 1980. Three yearling 
females were transplanted that would have been 2-1/2 years 
old by fall of 1979 and would have been the only additions 
to the reproductive segment of the herd. Thus, there were 
no more than 2 ewes added to the reproductive segment of the 
herd by 1980.
The Wildhorse Island sheep used as transplant 
stock may have been of low vigor and have had inherently low 
reproductive and lamb survival rates. Geist (1971) stated 
that "a population of low quality females with an intrinsical­
ly low death rate would cause a low birth rate, and would 
also lag or perpetuate itself in the face of improving 
forage conditions.” However, even if the adult ewes are 
”low quality” sheep, the lambs born on the study area appear 
vigorous. Horn growth on yearlings is good. The horn and
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body size of 1-year old males is noticeably larger than that 
of adult ewes, and about as large as those of 1-1/2-year-old 
males from a less vigorous herd I observed in the Petty 
Creek drainage. Geist (1971) reported yearling males from 
"normal" populations to be approximately the size of adult 
ewes by fall and difficult to distinguish from ewes. He 
also stated that "yearling lambs" (age 11 - 13 months) could 
not be readily classified to sex by horn and body size, but 
Brown (1974) could do so in the vigorous Thompson Falls 
herd. The male lambs on the Cutoff are noticeably larger 
than female lambs in both horn and body size by approxi­
mately 10 months of age.
Ogren (1954) reported 100% productivity for ewes 
on Wildhorse Island in 1951 and 1952. As the population 
increased, productivity dropped to about 67% in the next 2 
years. Survival to age 1 was around 90% the first 2 years 
and declined to 61% by 1954. Woodgerd (1964) found the 
average June ewe : lamb ratio on Wildhorse Island from 1959 to 
1962 to be 100:77, and survival was approximately 60%. As 
the herd increased to 240 sheep, range conditions deter­
iorated, only 56 lambs per 100 ewes were born, and survival 
to 1 year old was 45% (Matthews 1973) . Following a severe 
winter during his study on Wildhorse Island, Matthews found 
only 12 lambs per 100 ewes by early June. The 1979 ewe:lamb 
ratio was 100:18 and that for 1980 was 100:4 (Hay pers.
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comm. ) .
Stelfox (1974) reported that lamb mortality, 
rather than ewe productivity, most Influenced population 
dynamics, but other researchers have concluded otherwise.
The work of Cheatum and Severlnghaus (1950) on white-tailed 
deer showed that herd productivity depends on habitat quality, 
and herds with malnourished females have low reproductive 
rates and poor fawn survival. Mundlnger (1981) found that 
poor nutrition led to alternate-year reproduction In a 
stable herd of white-tailed deer. Trainer (1969) found 
alternate year reproduction by females In a herd of Roose­
velt's elk (C. e. roosevelti') . He suspected that the 
physiological stress of lactation disrupted reproductive 
physiology during the year after a female had a calf.
Helmer (1978) reported alternate-year reproduction for a 
Dali's sheep (O. datli dalli) herd, and Thorne et al. (1979) 
suspected that low productivity In a Wyoming herd of big­
horns was partly because of alternate-year reproduction In a 
segment of that herd. I believe that not all ewes In the 
Cutoff herd had lambs during 1980, and that the 19 lambs I 
observed were about all that were born. I am not Implying 
that alternate-year reproduction Is occurring In the Cutoff 
herd, but only that ewe:lamb ratios that are substantially 
lower than 100:100 following lambing may result from low 
productivity rather than lamb mortality. Also, non-breeding
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ewes may be common in some herds.
The summer ewe:lamb ratio from the Cutoff herd is 
much higher than those reported from Wildhorse Island in 
recent years, but I believe that the "lag (in productivity) 
in the face of improving forage conditions" which Geist 
(1971) postulated for transplants from poor quality popula­
tions is occurring. Yearling breeding, a sign of a vigorous 
herd (Butts 1980), was once common on Wildhorse Island 
(Woodgerd 1964), so sheep from there apparently have the 
potential to be "high quality". Given the apparent vigor of 
the sheep born on the Cutoff since the transplant, I believe 
the change from low to high quality will occur as more of 
the Cutoff lambs reach breeding age. Sheep transplanted 
from the Sun River area (a high quality herd) to Rock Creek 
were vigorous and reproduced well in the new location, and 
Butts (1980) concluded that transplants from high quality 
herds may subsequently produce high quality herds. The , 
sheep in the Petty Creek drainage are apparently of low 
quality (Kopec, unpub. rept., 1980) and they also originated 
from a transplant from the Sun River. Likewise, the Wild­
horse Island herd is also the result of a Sun River trans­
plant. Apparently, initial productivity may be influenced 
by the quality and vigor of the transplant stock, but I 
believe that the released-herd's quality can change in a few 
years, and that habitat quality at the transplant site is
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more important In determining the long-term success of the 
herd. A combination of the above factors and the fact that 
many of the transplanted ewes were quite old may have affected 
productivity. The fact that no large, old rams were trans­
planted may have also influenced breeding activities, but 
the 2- and 3-year-old rams present were apparently success­
ful in breeding most, if not all, of the ewes.
Census Route Counts
The number of sheep seen on weekly census route 
counts varied widely during each month and between months.
For example, during July 6 counts were made resulting in an 
average of 17 sheep seen per count and ranging from 8 to 59. 
The estimated population at that time was 73. Between 75 
and 81% of the estimated population was seen on the highest 
counts during the months of July, August, and September 
(Fig. 3), but the 12 other counts during those months ranged 
from 0 to 64% and averaged 20%. The main cause of varia­
bility was the large group sizes relative to the total 
population. Groups of 20 to 40 sheep were not uncommon, and 
if 1 of those groups was in an area not visible from the 
census route or only partly visible, 25 to 50% of the popula­
tion would be uncounted. Thorne et al. (1979) found a 
direct relationship between seasonal group sizes and the 
number of sheep seen per day, and my census route counts
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showed a similar pattern. Henderson (pers. comm.) sighted 
and classified approximately 80% of the herd on 1 helicopter 
flight in April 1981. Aerial surveys are a more reliable 
and less time consuming method than ground census counts.
If ground counts are made to gather census data 
for management purposes, I recommend at least 5 counts in 
the period between late June and late September. The 
highest count during that time could probably be considered 
80% of the population on the study area. Counts should be 
conducted in late afternoon in clear weather. Visibility on 
early morning and late evening counts was usually poor 
because of the low angle of the sun. As the herd expands 
its range, the value of the ground counts will decrease, 
because the topography and vegetation in all areas adjacent 
to the study area offer less potential for sighting sheep 
than the presently-occupied range.
Group Size
Group sizes were higher than those reported by 
Brown--5.3--(1974) and Tilton--5.6--(1977) for the Thompson 
Falls herd, but lower than the 10.2 average reported by 
Butts (1980) for a rapidly expanding population. Berwick 
(1968) reported an average group size of 3.4 for the de­
clining Rock Creek herd.
Group sizes declined from a peak after lambing to
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a low in late winter, then Increased slightly until dropping 
again during lambing (Table 6). Butts (1980) and Klaver 
(1978) also found the largest groups after lambing, and both 
reported an increase during the rut. Shannon et al. (1975) 
reported groups to be largest during breeding for a British 
Columbia herd, and Thorne et al. (1979) found a similar 
pattern in a Wyoming herd. No increase in group size was 
apparent during the rut in my study. No large adult rams 
were present in the herd, and small groups of ewes were 
frequently accompanied by a lone 2-1/2- or 3-1/2-year-old 
ram during the breeding season. The absence of a well- 
established hierarchy among the young rams and the lack of 
traditional rutting areas may have allowed the young rams to 
breed with whatever ewes they were associated with at the 
time, precluding large group formation for breeding activities 
Various social and behavioral factors, as well as 
forage condition and availability, influence seasonal group 
sizes. Berger (1978) reported that individuals in large 
groups (more than 5) foraged more efficiently than those in 
small groups. Stewart (1975) found an average winter group 
size of 4.0 in a herd wintering on poor forage and 7.1 in a 
herd on higher quality range. Jarman (1974) reported that 
forage dispersion ultimately limited group size for some 
species. Both Brown (1974) and Tilton (1977) suggested that 
mild winter conditions did not force sheep to congregate and
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may have contributed to the low average group sizes they 
found in their studies.
Group Fidelity
Packard (1946), studying a herd of unmarked 
sheep, concluded that groups maintained their identity and 
specific membership throughout the summer. Blood (1963) 
stated that groups maintained separate home ranges and 
implied that membership remained relatively constant. 
Woodgerd (1964) and Brown (1974) studied herds with individ­
ually identifiable sheep, and noted that individuals readily 
moved between groups. Woolf et al. (1970) also found group 
composition to be unstable among bighorns in Yellowstone 
National Park. Butts (1980) used Campbell and Knowles' 
(1978) Cohesion Coefficient to quantify association among 
ewes in the Rock Creek, Montana, herd and found low degrees 
of cohesion. He reported cohesion coefficients during 
lambing of 0.35 in 1977 and 0.12 in 1978, and found cohesion 
ranging from 0.11 to 0.19 for other seasons. I found group 
cohesion among the Cutoff ewes to be higher than that re­
ported by Butts except during lambing and spring.
Lambing
Lambing dates vary among herds, being influenced 
by local climatic conditions and possibly by range quality.
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Stewart (1975) reported lambs born from late June to early 
July for herds wintering on poor quality vegetation. Also, 
bighorns In the Petty Creek drainage, where winter range 
conditions are poor, lamb In mid- to late June (Kopec 1980 
unpub. rept.). Butts (1980) reported lambs sighted during 
April In his study of a vigorous herd, although the peak of 
lambing was usually In mid-to late May. The lambing season 
of early May to early June In the Cutoff herd Is similar to 
that of other herds In western Montana (Couey 1950, Matthews 
1973, Brown 1974).
Lambing areas (cliffs, outcrops, and steep rocky 
slopes that provide security from predators) are Important 
to bighorns. The two locales most used for lambing In the 
Cutoff area were adjacent to active building-stone placer 
mines. Although the ewes did not seem overly "concerned” 
with the presence of the mining operations, use of those 
areas prior to the onset of mining was not documented, so no 
comparison can be made. Thorne et al. (1979) reported that 
a sheep may be physiologically stressed when humans are near 
It, even though It shows no obvious signs of fear or avoid­
ance. During lambing In 1980, mining activity was at a very 
low level, and I believe that sheep use would not have been 
much greater If there had not been any mining taking place 
near the lambing cliffs. However, the long-term effects of 
habitat alteration and stress caused by Increased human use
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and free-roaming pet dogs near the lambing areas are likely 
to be detrimental. Restricting mining activities near the 
lambing areas during May and June may reduce stress.
Dally Movements
Dally movements of ewes Increased from 0.6 to 0.7 
km per day from spring to suiraner. Simmons (1961) reported 
similar values and movement patterns for a Colorado herd. 
Davis (1938) and Woolf et al. (1970) reported average dally 
movements of about 0.4 to 1.2 km per day for sheep In 
Yellowstone National Park during summer. Ewe movements on 
my study area did not vary much throughout the year (Table 
8), but the radioed ram showed distinct seasonal variations. 
The ram averaged 1.6 km per day during the rut, and 0.3 km 
per day during winter. The variations probably reflected 
changes In seasonal behavior and forage requirements rather 
than differences In forage availability.
Seasonal Movements
Some bighorn herds are non-mlgratory (Simmons 
1961, Woolf et al. 1970. Butts 1980), but many herds migrate 
several miles between seasonal ranges (Couey 1950, Blood 
1963, Brown 1974, Pallister 1974, Stewart 1975, Klaver 
1978). The Cutoff herd was non-mlgratory, and the winter 
ranges of all ewes overlapped or were contained within their
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summer ranges. The radioed ram's winter range was exclusive 
of all of his other seasonal home ranges, but movement to 
the winter range was more of a gradual drift than an actual 
migration. Distances between the ewe's winter and summer 
centers of activity were lower than those reported for 
another non-mlgratory Montana herd (Butts 1980).
Seasonal Home Ranges
Seasonal and annual home range sizes for bighorns 
are not well represented In the literature. Tilton (1977) 
reported an average minimum home range size of 129.5 ha for 
ewes and 109.6 for rams during winter. Woolf et al. (1970) 
estimated that rams' summer home ranges In Yellowstone 
National Park were usually 3 to 5 km In length, but some 
extended as far as 16 km. Davis (1938) reported similar 
range lengths for bighorns In the Park. Range length of 
the Cutoff sheep (Appendix D-F) averaged 5.6 km for ewes 
and was 8.9 km for the radioed ram.
I used the modified minimum method (Harvey and 
Barbour 1965) because the area that the sheep occupied was 
markedly curved, and the minimum area method (Hayne 1949) 
would have Included large, unused areas. Also, I had a high 
number of relocations for each animal, and the modified 
minimum method seemed to fit the actual home range patterns 
of the sheep better than the minimum area method.
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Several authors have reported separate summer home 
ranges for ewe and ram groups (Blood 1963, Geist 1971, Brown 
1974, Klaver 1978, Butts 1980). The summer home range of 
the radioed ram on my study area overlapped those of the 
radioed ewes (Fig. 4), but he was 3 years old at the time of 
the study and not fully mature (Geist 1971) and was still 
occasionally associated with ewe groups. Also, he was the 
smallest ram of the 4 in his age class on the study area and 
he was seen with ewe groups more often than were the other 
rams- His winter range was separate from those of all 
radioed ewes, but other ewes were seen wintering in the same 
area. Because of the nature of the terrain and vegetation 
on his wintering area, he was sighted infrequently during 
winter, and he was never actually seen with the ewe group. 
Geist and Petocz (1977) found rams and ewes to use habitat 
components differently during winter, so they maintained 
habitat segregation even though home ranges appeared to 
overlap.
Standard Diameters
Spring, lambing, and summer standard diameters of 
the ewes were similar to those reported by Stewart (1975), 
and Butts (1980), but lower than those reported by Brown 
(1974) and Klaver (1978). Winter standard diameters were 
lower than those reported for the Thompson Falls herd
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(Brown 1974, Tilton 1977), and higher than those reported by 
Erickson (1972) for the Sun River herd.
The standard diameters for the ewes were generally 
lowest during lambing, which would be expected because ewes 
are less mobile at that time. The ram's winter standard 
diameter was slightly lower than those of the ewes. Lower 
winter standard diameters for males have been found by 
Erickson (1972), Tilton (1977), and Klaver (1978).
Variation in standard diameters between herds 
probably reflects local forage availability and the con­
tinuity and dispersion of various habitat requirements. 
Seasonal variations within a herd result from changes in 
behavioral characteristics as well as forage availability 
and requirements.
Dispersal Upon Réintroduction
Geist (1971) stated that if sheep lose knowledge 
of a herd's traditional seasonal ranges and migration 
routes, a subsequent loss of the use of some portions of the 
population's habitat would result. He believed that trans­
planted herds would act much like relict populations and 
fail to disperse to nearby suitable habitat that was very 
far from the release site (Geist 1967).
Some studies of transplanted herds have found that 
those herds may explore and occupy new ranges rapidly and
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even establish separate seasonal ranges and migration 
routes within a few years after being transplanted. Simmons 
(1961) studied a transplanted herd in Colorado that had 
expanded its range 42 km along the Poudre River canyon.
Brown (1974) reported migrations of up to 18 km between 
winter and summer ranges for one segment of an introduced 
Montana herd. A small segment of the Rock Creek, Montana, 
herd established a lambing ground 17 km south of the release 
site within 2 years after the transplant and migrated to and 
from the area annually (Butts 1980). A portion of a trans­
planted herd in the Petty Creek drainage near Alberton, 
Montana, migrates 13 km between winter and spring ranges 
(Kopec 1980, unpub. rept.).
The pattern of range colonization is illustrated 
by locations of the radioed ram from the transplant to the 
end of the study (Fig. 6). Movements eastward from the 
release site were gradual, but he continuously expanded his 
range throughout the study. The Cutoff herd has expanded 
its range 3 km west and 11 km east of the release site in 
the 2 years since they were transplanted. Most of the sheep 
remained within 2 km of the release site during the first 
year, but a few occasionally moved 4 to 5 km east of the 
release site. A 2-year-old ram, which was radio collared, 
was located approximately 7 km east of the release site 5 
months after the release.
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Sheep have dispersed 3 km west of the release site 
to near the Patrick Creek drainage. That drainage and most 
of the others west of the study area are timbered and may be 
a barrier to further dispersal in that direction. However, 
tree canopy cover on the south- and east-facing slopes is 
not dense and may be suitable sheep range. Sheep from the 
Cutoff herd may eventually exploit those areas.
During the spring and early summer of 1980, sheep 
were rarely seen east of Sheep Creek (6.5 km east of the 
release site). As summer progressed, sheep were sighted 
there more frequently, and they eventually moved northeast 
along the Clark Fork River to near its junction with the 
Flathead River. During January and February 1981, a group 
of sheep were wintering in that area. The following spring 
the radioed ram and a yearling were sighted 2 km farther 
north along the Clark Fork near the mouth of Kennedy Creek 
(Henderson pers. comm.).
In early March 1981, a marked adult ewe from the 
Cutoff herd was sighted near Knowles Creek on the north side 
of the Flathead River with a herd that had been transplanted 
near Ferma (Klaver pers. comm.). That sighting was approxi­
mately 6.5 km from the Cutoff sheep range, and 14.5 km from 
the release site. Movement from the Cutoff to Knowles Creek 
entailed crossing at least one, and probably 2, major rivers 
Several miles of apparently suitable sheep range is present
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along the north side of the Flathead, and sheep from the 
Perma transplant have been sighted as far west as Plains. 
Further range extensions to the north and east and inter­
change between the two herds will occur as sheep explore new 
areas outside of their present ranges.
Bighorns once inhabited the area near Siegel and 
Wallace Creeks, which is directly south of the study area 
(Krepps 1979). Further range expansion is possible in that 
direction if some of the Cutoff sheep cross the Clark Fork 
River near Bass Pond or Quinns.
Sheep are occasionally sighted far from known 
sheep ranges. Geist (1971) stated that Wishart found 
remains of dead yearlings miles from their range and con­
cluded that those sheep had become lost and died. A marked 
sheep from the Thompson Falls herd was seen approximately 90 
km from the main herd (Brown pers. comm.). Two young rams 
from the Petty Creek herd were sighted approximately 25 km 
from that herd's range (Kopec 1980 unpub. rept.). Geist 
(1971) conceded that, even though sheep do not normally 
disperse, rams have a "vestigial dispersal period" during 
their third summer and they may leave their traditional 
range. Geist further stated that the presence of other 
sheep is necessary for habitat to appear suitable to the 
dispersing animals. Thus, if the dispersing sheep fail to 
find another herd with which to associate, they either
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return to their original herd or die as a result of not 
finding suitable habitat.
A group of sheep that was believed to have dis­
persed from the Thompson Falls herd, 48 km north of the 
study area, joined the Cutoff herd. A group consisting of 4 
2-year-old males and 2 2-year-old females was sighted near 
Bass Pond in late May 1980. Later in the summer, a 2-year- 
old male was found dead and a 2-year-old female was cap­
tured. Both were too old to have been born since the time 
of the transplant, and neither sheep was ear-tagged as were 
all members of the transplant group. Three lambs were 
present in the transplanted group, and one of those died 
shortly after being released, so only 2 2-year-old sheep 
would have been present during the summer of 1980. The 
sheep did not come from the recently-transplanted Ferma 
herd, because all sheep in those sex and age classes in that 
herd were accounted for at that time (Klaver pers. comm.).
The fact that immigration from the Thompson Falls 
herd and movement from the Cutoff to the Perma herd have 
occurred has several relevant management implications. If 
movement between these herds occurs on a regular basis, 
available habitat between the herds may eventually be 
utilized by sheep, and the herds may intergrade into one 
continuous population. Also, genetic interchange would 
preclude retarded vigor resulting from extensive inbreeding.
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which Berwick (1968) postulated as a contributing factor to 
the decline of the Rock Creek herd. Even If more Inters 
change does not occur, members of the group that already 
immigrated to the Cutoff area have knowledge of areas outr- 
side of the present limits of the Cutoff herd's range, and 
that may facilitate range extension. The re-establishment 
of sheep herds in relatively close proximity to other herds 
may also eliminate some juvenile mortality by increasing the 
chances of dispersing sheep finding other herds.
Habitat Selection
Cover types. Several researchers have reported 
rocky terrain as important throughout the year (Blood 1963, 
Oldemeyer et al. 1971, Erickson 1972, Frisina 1974, Palllster 
1974, Stewart 1975). Although the rockland cover type was 
undoubtedly important to the Cutoff herd, the radioed ewes 
avoided it during winter and used it in proportion to 
occurrence the remainder of the year. Tilton (1977) found 
wintering bighorns to use rockland in proportion to avail­
ability. Van Dyke (1978) reported that his "cliffrock" 
types were preferred during all seasons except fall.
Tilton (1977) reported preference for the grass­
land/ shrub land cover type during winter. On the Cutoff 
area, bighorns preferred that type during spring and fall, 
and used it in proportion to availability the rest of the
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year. Erickson (1972) and Palllster (1974) found bunchgrass 
types were used more than other types during fall and 
winter, and Oldemeyer et al. (1971) reported that type to be 
the bighorn's primary feeding area.
Forested areas were avoided throughout the year 
except during winter, when they were used in proportion to 
availability. Other authors have reported use of timber as 
escape cover (Oldemeyer et al. 1971, Frisina 1974), and 
Stewart (1975) reported that the presence of interspersed 
timber cover on grassy areas was important to bighorns for 
cover. Tilton (1977) found that bighorns actually preferred 
the open forest cover type during winter. He suggested that 
forage availability and microclimatic conditions in the 
forested areas influenced selection for those areas during 
winter. Bighorns may use forested areas more than is 
generally believed, as observations of unradioed animals 
would underestimate use of that vegetation type.
A combination of several factors including forage 
availability, plant phenology, seasonal behavioral differ­
ences, and the presence of thermal cover apparently all 
influenced cover type use by sheep throughout the year on my 
study area. In early spring, when grass and shrub growth 
was initiated on open southerly exposures, sheep preferred 
the grassland/shrubland cover type. During lambing and 
through summer ewes stayed close to cover, and use of
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rockland areas increased proportionate to the decreased use 
of the grassland/shrubland areas during that time (although 
the rockland areas were not "preferred" statistically). In 
the fall, when lambs were larger, the necessity to stay 
close to cover was probably less. Sheep again frequently 
moved out to the grassland/shrubland areas where more forage 
was available. In winter, browse availability and thermal 
cover in the open forest areas probably induced sheep to use 
that type more, while use of the other 2 types (particularly 
rockland) declined. The winter of 1980-81 was atypically 
mild, and cover type use may be different during severe 
winters.
Visibility. High visibility within habitats is 
important to social animals such as bighorns for predator 
detection and communication among group members (Berger 
1978). Bighorns are known to generally use open habitats 
and avoid areas of dense vegetation (Smith 1954, McCann 
1956, Geist 1971), and loss of open areas because of shrub 
and tree encroachment have resulted in concurrent declines 
in sheep populations (Stelfox 1975, Wishart 1975) . Risen- 
hoover and Bailey (pers. comm.) quantified habitat visi­
bility and found that bighorns avoided low visibility areas 
and foraged more efficiently in high visibility vegetation 
types. The Cutoff sheep avoided low visibility areas within 
the open forest and grassland/shrubland cover types, and
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preferred moderate visibility areas within the grassland/ 
shrubland type. The high visibility areas within the 
grassland/shrubland type were not "preferred” statistically, 
but more than twice as many groups were observed as were 
expected in that category, indicating that a statistical 
"preference" may have been found with a larger sample size. 
The fact that no apparent preference or avoidance of any 
visibility class occurred within the rockland type was 
probably because sheep were always near escape cover while 
in that type. Thus long-distance visibility was not as 
important as it would have been in areas farther from escape 
cover.
Selection for habitat visibility classes was 
calculated from data collected during summer, when vege­
tation was most dense and visibility lowest. Two large 
areas of grassland/shrubland with low visibility were not 
utilized by bighorns during that time. However, in fall and 
winter after leaves fell from the shrubs and visibility was 
apparently higher, sheep used the areas.
Habitat manipulation to create higher visibility 
areas for greater sheep use may be beneficial to some herds 
where predation is depressing productivity or where winter 
ranges could be created by removing shrub or tree cover that 
restricts visibility. However, if cover density mainly 
affects summer habitat usage, the unused areas may serve as
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a "reserve” of forage for winter use by non-migratory sheep. 
For migratory herds, a reserve of winter forage adjacent to 
the summer range would probably serve no purpose, so lower­
ing cover density there in unused areas would increase the 
amount of summer range available, while not affecting winter 
forage.
I believe that lowering cover density on the range 
that is currently occupied by the Cutoff sheep is not 
necessary because they use the "low" areas during fall and 
winter after avoiding them during the summer. However, the 
present western and northern limits of the range are bounded 
by a continuous coniferous forest that has low visibility. 
Altering cover density there may allow the herd to expand 
its range somewhat.
Slope. Slope use during lambing and summer 
reflected the tendency of ewes with lambs to stay near steep 
terrain. Preference for slopes of greater than 80% during 
winter agreed with Tilton's (1977) findings. However, the 
apparent selection behavior he reported for other slope 
classes was dissimilar to my findings. The preference for 
steep slopes may reflect the bighorn's affinity for steep 
terrain, but selection for other slope classes may have been 
incidental to selection for other habitat characteristics 
that happened to be present on those slopes at that parti­
cular time. Shannon et al. (1975) reported that variations
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
in slope use by bighorns were related to biotic and abiotic 
factors other than just the steepness of the slope.
Aspect. Generally, ewes avoided east and north­
east aspects throughout the year, preferred south-facing 
aspects during fall and winter, and used other aspects 
indifferently. Tilton (1977) reported similar results. The 
use of southerly aspects by big game animals during winter 
is well known. Incident solar radiation is higher on those 
areas, resulting in higher temperatures and less snow 
accumulation than on other aspects. The avoidance of east 
and northeast aspects may be because of the presence of the 
more dense vegetation and resultant lower visibility on 
those slopes. The data from my study may be biased because 
the areas with the most east- and northeast-facing aspects 
were in the eastern half of the study area, and the sheep 
were expanding their range in an easterly direction from the 
release site. Thus, no radio-collared sheep had expanded 
their home ranges to include areas containing east and 
northeast aspects until mid-way through the study.
Elevation. Ewes generally preferred elevations 
between 850 and 1100 m and avoided areas over 1100 m. Areas 
lower than 850 m were avoided during lambing and used 
indifferently the remainder of the year. Bighorns are 
usually found at lower elevations during the winter than at 
other times and avoid areas of deep snow (Honeness and Frost
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1942, Smith 1954, Geist 1971, Shannon et al. 1975). Tilton 
(1977) reported an avoidance of areas above 1463 m during 
winter because of snow cover above that elevation. During 
my study, except for an occasional trace on east and north­
east aspects, no snow cover occurred on the sheep range, so 
snow was not a factor affecting distribution. Still, sheep 
tended to avoid areas above 1100 m, except during spring and 
lambing. Although seasonal differences in use of elevation 
classes occurred, they were not pronounced, and no elevation 
class that was preferred in one season was avoided in 
another. I believe that the lack of water at higher eleva­
tions influenced sheep to stay near the river. Sheep were 
seen drinking from the river frequently and apparently did 
so daily during summer. The main reason for the avoidance 
of high-elevation areas was the dense tree canopy cover 
and the lack of large, open, grassland/shrubland and 
rockland areas there.
Distance to Escape Cover
The presence of escape terrain strongly influences 
sheep distribution and the use of other habitat categories 
on their range (Erickson 1972, Shannon et al. 1975).
Frisina (1974) reported that approximately 90% of all sheep 
observed were within 137 m of escape cover, and Oldemeyer et 
al. (1971) found 86% of wintering bighorns in Yellowstone
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National Park within 90 m of cover. Thorne et al. (1979) 
reported 72% of all groups within 45 m of escape cover. I 
found 85% of all sheep groups within 45 m, 95% within 90 m, 
and 98% within 135 m of cover. Tilton (1977) reported areas 
farther than 322 m from escape terrain were avoided by 
wintering bighorns, and areas less than 322 m were pre­
ferred. Blood (1963) stated that escape terrain was more 
important to ewes with lambs than to other sheep. The 
average distance to escape cover of sheep on my study area 
was less than 20 m from May through July. The only month 
when the average was lower was October. Human use of the 
area increased then because of the opening of the general 
big-game hunting season, and sheep may have been induced to 
stay closer to cover.
Mineral Licks
Lick use by the Cutoff bighorns followed a pattern 
similar to that reported by Brown (1974) and Butts (1980). 
Mineral licks were used occasionally throughout the year, 
but the heaviest use occurred from early June to mid-July. 
Ewes descended to the licks while leaving their lambs on 
nearby cliffs. Lambs were never observed using the mineral 
licks. Yearlings of both sexes and 2-year-old rams used the 
licks frequently, and older rams used them occasionally.
When rams were at licks, horn displays and clashes were
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common within each age class, but young rams used the licks 
in the presence of older rams without apparent conflict.
Beath (1942) and Smith (1954) detailed aspects of 
lick use and the apparent mineral preferences and needs of 
bighorns. The benefits of placing salt blocks as mineral 
supplements are uncertain (Smith 1954) and probably unneces­
sary on the Cutoff sheep range.
I attempted to trap sheep in Clover traps baited 
with salt during June and July. The sheep were not attracted 
to the traps, apparently because of several natural licks in 
the western half of the study area. I found no licks east 
of the Bass Pond area, and if trapping is attempted in the 
future, salt-baited traps may be more attractive to bighorns 
there.
Parasites
Bighorn herds studied in Montana generally have 
low levels of lungworm infestation (less than 100 larvae per 
gram of feces) and infestation rates of around 75 to 100% 
(Couey 1950, Forrester and Senger 1964, Berwick 1968, Brown 
1974, Klaver 1978). Uhazy et al. (1973) considered infesta­
tions of less than 1400 larvae per gram of feces moderate.
The low infestation rate in the Cutoff herd (1.7 
larvae per gram of feces, 55% of samples infested) is sig­
nificantly lower than that in the Wildhorse Island herd
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(16.1 larvae per gram of feces, 94% of samples infested).
Both levels were very low although both areas were sampled 
in early spring when larval output is usually the greatest 
(Forrester and Senger 1964). The difference is probably a 
reflection of the fact that the Cutoff sheep were introduced 
to an area that had been without bighorns for several 
years, and infectious-stage larvae were not present in the 
intermediate hosts (snails of the families Villionidae and 
Pupillidae). Thus, a low infestation level would be expected 
for a newly-transplanted herd until the rate of infestation 
of the intermediate host increases.
Treating sheep with antihelminthic drugs to 
decrease infestation levels has been successful (Hibler et 
al. 1977), and treatment of transplant groups prior to 
release may lengthen the time before a substantial pro­
portion of the intermediate hosts become infested with 
infectious-stage larvae. However, the lungworm/pneumonia 
complex may function as a population control mechanism, and 
the long-term effects of removing that control mechanism 
could be detrimental. Harvesting the herd to keep sheep 
density relatively low and below the point where range 
conditions would deteriorate would probably preclude future 
problems with lungworm.
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Browse Condition
Browse condition on the Fourteenmile and Ferry 
Crossing transects deteriorated somewhat after the sheep 
were released, but assessing the actual impact of the sheep 
is difficult. The winter of 1979, when the sheep were 
released was severe, and deer were frequently observed on 
the sheep range. In addition to increased mule deer use of 
the area, the sheep stayed near the release site and used 
the transect areas more than they probably did in subsequent 
winters. The winter of 1980 was mild, and deer were seen 
only occasionally on the sheep range.
Sheep generally prefer grasses as forage (Mills 
1937, Davis 1938, Couey 1950, Blood 1963, Barret 1964,
Constan 1967, Frisina 1974), but the diets of some herds 
include large proportions of browse (Yoakum 1966, Brown 
1974, Stewart 1975). The sheep will undoubtedly affect 
browse utilization on the range. Browse condition could 
deteriorate rapidly if heavy snows cause a concentration of 
deer and sheep on the winter range.
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CHAPTER VI 
MANAGEMENT RECOMMENDATIONS
1. Conduct counts in summer and in late winter, 
preferably by helicopter. Winter counts alone would not 
give a true indication of Iamb survival, because some ewes 
may not produce lambs. Post-lambing counts would indicate 
whether low ewe : lamb ratios in the spring caused by low ewe 
productivity or by lamb mortality,
2. Record range expansion by the Cutoff herd. The 
Rocky Mountain Bighorn Workshop Group (Wishart 1975) reported 
that one deficiency in transplant programs was the lack of 
adequate follow-up and documentation of the patterns of 
range colonization. During the summer surveys, peripheral 
locations of sheep sitings should be recorded so that range 
extensions can be documented. Marking a few sheep annually 
from the Cutoff, Perma, and Thompson Falls herds, and 
therefore aid in determining whether the groups should be 
managed individually or as a single herd.
3. Investigate the possibility of moving some 
sheep from the Cuttoff to the Siegel-Wallace Creek area.
79
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That area is ancestral range adjacent to the Cutoff area and 
is apparently suitable sheep range. The sheep may cross the 
River back to the Cutoff range, but if sheep remain in the 
Siegel-Wallace area it would represent a substantial exten­
sion of the present range. I believe that sheep would cross 
the River between the 2 areas so those in the Siegel- 
Wallace area would not be isolated from the main herd. In a 
paper presented at the 1980 meeting of the Northern Wild 
Sheep and Goat Council, Goodson reported that transplanting 
sheep to areas adjacent to their range resulted in range 
expansion and seasonal migrations between the release area 
and the original range.
4. Encourage range extension by habitat mani­
pulation. The area between Fourteenmile and Squaw creeks 
approximately 1 km from the River had approximately 25% 
conifer canopy coverage and was rarely used by sheep (Fig.
7), Modifying that area by cutting or burning to increase 
visibility and forage may induce the herd to use more 
of the Cutoff range. Areas that currently appear to be 
suitable for sheep but are not used include the west- 
and south-facing slopes on the finger ridges in the Patrick 
Creek drainage. Connecting those areas with the presently- 
used range by means of habitat manipulation to establish 
corridors of continuous sheep habitat would be beneficial to 
the herd. Also, the present upper-elevation limit of the
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range is bounded by continuous coniferous forest. A ”let- 
burn” policy for wildfires or removing trees by another 
means may allow range extension toward Patrick’s Knob.
5. Delineate hunting unit boundaries to include 
the herd's entire range. The present boundary of hunting 
unit 122 bisects the sheep range. Extending the boundary 
west to Dunn's Draw would incorporate the entire range and 
include the Patrick Creek drainage should the herd expand to 
that area. The present boundary of the Thompson Falls sheep 
hunting unit extends to the Flathead Reservation. Thus, any 
Cutoff sheep that cross the Flathead river could be legally 
hunted. I recommend changing the boundary to near Plains to 
provide a buffer zone to facilitate further range expansion 
and allow the Cutoff and Perma herds to become established 
in that area. The quality and amount of hunting in the 
Thompson Falls unit would not be affected, because all 
harvest in that unit presently occurs northwest of Plains.
6. Continue monitoring browse condition on the 
range annually, and investigate the possiblity of a periodic 
burning program to increase browse production and improve 
condition. Most of the browse plants are old, and much of 
the leader growth is unavailable. Browse treatment should 
begin soon. An increase in the sheep population coupled 
with a hard winter and resultant increased deer use of the 
area could cause a setback in herd expansion that could
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linger for several years. The Improved nutritional value of 
the forage resulting from a browse treatment program could 
improve the general health and vigor of the herd and prevent 
depressed productivity and excessive overwinter mortality.
7. Plan mining development with consideration of 
the impacts on the sheep and habitat. Site-specific restric­
tions of access near lambing areas during May and June should 
be considered carefully.
8. Monitor lungworm levels on an annual or semi­
annual basis. High lungworm loads are usually concurrent 
with overpopulation, and increased lungworm levels could 
indicate that the herd should be reduced.
9. When hunting is implemented, a harvest manage­
ment system similar to that presently in effect for the 
Thompson Falls herd should be considered.
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Appendix A. Data on transplanted sheep.
RadioEar tag Sex Age* Frequency Collar
A6701 F 4+ 151.445 -
A6702 F 3-1/2 151.462 -
A6703 F 44- - -
A6704 F 44- - -
A6705 M 1-1/2 - —
A6706 F 2-1/2 - -
A6707 F 44- - —
A6708 F 44- 151.487 -
A6709 F 44- - -
A6710 F 44- - -
A6711 F 44- - -
A6712 F 3-4 151.514 -
A6713 F 44- — -
A6714** M 2-1/2 - -
A6715 F 4-F - Rope-tag No. 33
A6716** F 3-1/2 151.572 -
A6717 F 44- - Rope-tag No. 34
A6718 M 1-1/2 151.545 -
A6719 M 1-1/2 - -
A6720 F 44- - Rope-tag No. 118
A6721 F 44- - Blue band
A6722 F 1-1/2 - Rope-tag No. 35
* as of ^  Known January to have 1979died prior to the end of the study.
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Appendix A. (cont.)
Ear Tag Sex Age*
A6723 F 4+
A6724 F 4+
A6725** F 4+
A6726 F 1-1/2
A6727 F 4+
A6728** F 44-
A6729 F 1-1/2
A6730** M 1/2
A6731 F 44-
A6732 M 1-1/2
A6733 F 44-
A6734 F 44-
A6735 F 44-
A6736 F 3-1/2
A6737 F 1/2
A6738 F 44-
A6739 F 44-
A6740 F 3-1/2
A6741 M 1/2
Radio
Frequency Collar 
Blue Band 
Rope-tag No. 26 
Rope-tag No, 29 
Blue band 
Blue band 
Blue band 
Blue band 
Rope-tag No. 30 
Blue band
Blue band 
Red Band 
Blue Band
Blue Band 
Red Band 
Red Band
*As of January 1979.**Known to have died prior to the end of the study.
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Appendix C. Arrays of seasonal 
between all pairs
c
coefficients of cohesion 
of radio-collared sheep.
Spring
Sheep
Number 6 7 8 9 Ram
6 - 0.11 0.0 0.0 0.07
7 0.11 - 0.36 0.07 0.13
8 0.0 0.36 - 0.0 0.15
9 0.0 0.07 0.0 — 0.0
Ram 0.07 0.13
Lambing
0.15 0.0
SheepNumber 6 7 8 9 Ram
6 - 0.0 0.31 0.0 0.0
7 0.0 - 0.0 0.0 0.0
8 0.31 0.0 - 0.0 0.0
9 0.0 0.0 0.0 - 0.20
Ram 0.0 0.0
Summer
0.0 0.20
Sheep
Number 6 7 8 9 Ram
6 — 0.83 0.65 0.0 0.02
7 0.83 - 0.63 0.0 0.03
8 0.65 0.63 - 0.0 0.03
9 0.0 0.0 0.0 — 0.0
Ram 0.02 0.03 0.03 0.0 —
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Sheep
Number
6
7
8 
9
Ram
0.32
0.45
0.05
0.10
Fall
7
0.32
0.45
0.11
0.15
8
0.45
0.45
0.10
0.10
9
0.05
0.11
0.10
0.11
Ram
0.10
0.15
0.10
0.11
SheepNumber
6
7
8 
9
Ram
0.38
0.77
0.0
0.0
Winter
7
0.38
0.23
0.0
0.0
8
0.77
0.23
0.0
0.0
9
0.0
0.0
0.0
0.0
Ram
0.0
0.0
0.0
0.0
Sheep
Number
6
7
8 
9
Ram
0.40
0.52
0.01
0.05
Total 1980-81 
7
0.40
0.42
0.03
0.07
8
0.52
0.42
0.02
0.06
9
0.01
0.03
0.02
0.05
Ram
0.05
0.07
0.06
0.05
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix D Annual home range of the radioed ram and ewe No. 6 showing
winter and summer centers of activity.
00
:xjCD■oOQ.CgQ.
■oCD
(/)
o'3
8
cq'3i3CD
CD■oOQ.Cao
3■oo
CDQ.
3"OS-■oCD
in(n
o'
3
200'
••••••
u.
/ B a s s  
,* Pond.
■ No. 8 _ \\
A Summer Center of Actwti^
■  Wittier Center of Activity
1 km135
A  Summer Center of Activity 
□  Winter Center of Activity
Appendix E. Annual home range of ewes No. 8 and 9, showing winter and
summer centers of activity.
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Appendix G. Seasonal and annual use of various cover types by radioed ewes, 1980 - 81.
Total 
area 
estimate 
Type (ha)
Proportion of 
study area 
in each 
category Season
Proportion 
of group 
observations 
in each 
category
Number 
of groups 
observed
Expected 
number 
of groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Rockland 773 0.553 Spring 0.481 26 29.86 0.336 - 0.626 Indifferent
Lambing 0.634 26 22.67 0.474 - 0.794 Indifferent
Summer 0.606 80 73.00 0.515 - 0.697 Indifferent
Fall 0,487 37 42.03 0.365 - 0.609 Indifferent
Winter 0.380 19 27.65 0.234 - 0.526 Avoided
Total 0.527 182 190.78 0.470 - 0.584 Indifferent
Grassland/339 0.256 Spring 0.463 25 13.83 0.318 - 0.608 Preferred
Shrubland
Complex Lambing 0.317 13 10.50 0.162 - 0.472 Indifferent
Summer 0.333 44 33.79 0.246 - 0.420 Indifferent
Fall 0.421 32 19.43 0.300 - 0.542 Preferred
Winter 0.380 ' 19 12.80 0.234 - 0.526 Indifferent
Total 0.380 131 88.32 0.324 - 0.436 Preferred
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Appendix G. (ContO
Type
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category Season
Proportion 
of group 
observations 
in each 
category
Number 
of groups 
observed
Expected 
number 
of groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Open 253 0.191 Spring 0.056 3 10.31 0 - 0.123 Avoided
Forest
. Lambing 0.049 2 7.83 0 - 0.121 Avoided
Summer 0.061 8 25.21 0.017 - 0.105 Avoided
Fall 0.092 7 14.52 0.021 - 0.163 Avoided
Winter 0.240 12 9.55 0.111 - 0.369 Indifferent
Total 0.093 32 65.90 0.060 - 0.126 Avoided
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Appendix H. Use of combined cover type/visibility classes by radioed ewes, summer, 1980.
Cover Type Visibilityclass
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in each 
category
Expected 
Number of nuniber of 
groups groups 
observed observed
Confid. Int. on 
proportion of 
group obs. (90% 
family confi­
dence coeffic.
Apparent
selection
behavior
Rockland Low 104 0.232 0.276 29 24.36 0.169 - 0.383 Indifferent
Moderate 49 0.110 0.162 17 11.55 0.074 - 0.250 Indifferent
High 34 0.076 0.105 11 7.98 0.032 - 0.178 Indifferent
Grassland/
Shrubland
Low 75 0.168 0 0 17.64 * Avoided*
Complex Moderate 67 0,150 0.276 29 15.75 0.169 - 0.383 Preferred
High 23 0.051 0.114 12 5.35 0.038 - 0.190 Indifferent
Open Forest Low 95 0.213 0.067 7 22.37 0.007 - 0.127 Avoided
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* Confidence interval could not be calculated for "0" group observations, but category was still
considered as "Avoided" because of the wide disparity between observed and expected group observations.
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Season Aspect
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion ôï~ 
group obser­
vations in each 
category
Expected 
Number of number of 
groups groups 
observed observed
Confid. Int. on 
proportion of 
group obs. (90% 
family confi­
dence coeffic.
Apparent
selection
behavior
Ewes
Spring W 11 0.008 0.020 1 0.41 0 - 0.067 Indifferent
SW 179 0.135 0.156 8 6.88 0.034 - 0.278 Indifferent
S 574 0.433 0.549 23 22.08 0.382 - 0.706 Indifferent
SE 283 0.214 0.255 13 10.92 0.109 - 0.401 Indifferent
E 209 0.158 0.020 1 8.06 0 - 0.067 Avoided
NE 69 0.052 0 0 2.65 nsd
Lambing W 11 0.008 0.028 1 0.29 0 - 0.094 Indifferent
SW 179 0.135 0.389 14 4.86 0.194 - 0.584 Preferred
S 574 0.433 0.278 10 15.59 0.099 - 0.457 Indifferent
SE 283 0.214 0.194 7 7.70 0.036 - 0.352 Indifferent ,
E 209 0.158 0.111 4 5.69 0 - 0.237 Indifferent
NE 69 0.052 0
 ̂ IIAIÏ ' "TL
0 1.87 nsd
considered "avoided" because of the wide disparity between observed and expected group observations.
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Season Aspect
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in each 
category
Expected 
Number of number of 
groups groups 
observed observed
Confid. Int. on 
proportion of 
group obs. (90% 
family confi­
dence coeffic.
Apparent
selection
behavior
Summer W 11 0.008 0 0 1.02 * nsd
SW 179 0,135 . 0.195 25 17,28 0.111 - 0.279 Indifferent
s 574 0.433 0.492 63 55.42 0.386 - 0.598 Indifferent
SE 283 0.214 0.297 38 27.39 0.200 - 0.394 Indifferent
E 209 0.158 0.016 2 20.22 0 - 0.043 Avoided
NE 69 0.052 0 0 6.67 * nsd
Fall W 11 0.008 0.039 3 0.61 0 - 0.092 Indifferent
SW 179 0,135 0,039 3 10.26 0 - 0.092 Avoided
s 574 0.433 0.646 49 32.91 0.514 - 0.778 Preferred
SE 283 0.214 0/250 19 16.26 0.131 - 0.369 Indifferent
E 209 0.158 0.026 2 12.01 0 - 0.070 Avoided
NE 69 0.052 0 0 3.95 * nsd
* Confidence Interval could not be calculated for "0" group observations, but category was still
considered "avoided" because of the wide disparity between observed and expected group observations.
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Season Aspect
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in each 
category
Expected 
Number of number of 
groups groups 
observed observed
Confid. Int. on 
proportion of 
group obs. (90% 
family confi­
dence coeffic.
Apparent
selection
behavior
Winter W 11 0.008 0 0 0.43 nsd
SW 179 0.135 0.037 2 7.29 0 - 0.099 Indifferent
S 574 0.433 0.667 36 23.38 0,513 - 0.821 Preferred
SE 283 0.214 0.204 11 11.56 0.072 - 0.346 Indifferent
£ 209 0.158 0.092 5 8.53 0 - 0.187 Indifferent
NE 69 0.052 0 0 2.81 nsd
Total 
1980 - 81 W 11 0.008 0.015 5 2.75 0 - 0.031 Indifferent
SW 179 0.135 0.151 52 46.44 0.105 - 0.197 Indifferent
s 574 0.433 0.541 186 148.95 0.477 - 0.605 Preferred
SE 283 0.214 0.255 88 73.62 0.199 - 0.311 Indifferent
E 209 0.158 0.038 13 54.35 0.013 - 0.063 Avoided
NE 69 0.052 0 0 17.89 * Avoided
* Confidence interval could not be calculated for "0" group observations, but category was still
considered "avoided!'because of the wide disparity, between observed and expected group observations.
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Appendix I. (Cont.)
Season Aspect
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in each 
category
Expected 
Number of number of 
groups groups 
observed observed
Confid. Int. on 
proportion of 
group obs. (90% 
family confi­
dence coeffic.
Apparent
selection
behavior
Ram
Total
1980-81 W 11 0.008 0.029 2 0.55 0 - 0.078 Indifferent
SW 179 0.135 0.044 3 9.18 0 - 0.104 Avoided
S 574 0.433 0.339 23 29.44 0.201 - 0.477 Indifferent
SE 283 0.214 0.324 22 14,55 0.188 - 0.460 Indifferent
E 209 0.158 0.235 16 10.74 0.112 - 0.358 Indifferent
HE 69 0.052 0.029 2 3.54 0 - 0.078 Indifferent
* Confidence interval could not be calculated for "0" group observations, but category was still
considered "avoided" because of the wide disparity between observed and expected group observations.
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Appendix J. Seasonal and annual use of various categories of slope steepness by radio-collared bighorns, 
1980-81.
Season
Slope
steepness
(percent)
Total
area
estimate
(ha)
Proportion Of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Spring 0 - 1 0 86 0.065
Ewes
0 0 3.12 • îe nsd
11 - 35 252 0.190 0.440 21 9.12 0.273 - 0.607 Preferred
36 - 60 363 0.274 0.270 13 13.15 0.121 - 0.419 Indifferent
61 - 80 482 0.364 0.250 12 17.47 0.104 - 0.396 Indifferent
>  80 142 0-107 0.040 2 5.14 0 - 0.106 Avoided
Lambing 0 - 10 86 0.065 0 0 2.21 _ _* nsd
11 - 35 252 0.190 0.029 1 6.46 0 - 0.096 Avoided
36 - 60 363 0.274 0.235 ' 8 9.32 0.066 - 0.404 Indifferent
61 - 80 482 0.364 0.412 14 12.38 0.215 - 0.609 Indifferent
>  80 142 0.107 0.324 11 3.69 0.137 - 0.511 Preferred
CDQ.
"OCD
C/)C/) * Confidence interval could not be calculated for "0" group observations. 
** Category preferred at p = 0.14.
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Season
Slope
steepness
(percent)
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Summer 0 - 1 0 86 0.065 0.008 1 8.58 0 - 0.026 Avoided
11 - 35 252 0.190 0.038 5 25.08 0 - 0.077 Avoided
36 - 60 363 0.274 0.356 47 36.17 0.259 - 0.453 Indifferent
61 - 80 482 0,364 0.417 55 48.05 0.317 - 0.517 Indifferent
>  80 142 0.107 0.181 24 14.12 0.103 - 0.259 Indifferent**
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Fall 0 - 1 0 86 0.065 0.040 3 4.87 0 - 0.093 Indifferent
11 - 35 252 0.190 0.053 4 14.25 0 - 0.113 Avoided
36 - 60 363 0.274 0.400 30 20.55 0.268 - 0.532 Indifferent**
61 - 80 482 0.364 0.240 18 27.30 0.125 - 0.355 Avoided
>  80 142 0.107 0.267 20 8.03 0.148 - 0.386 Preferred
* Confidence interval could not be calculated for "0" group observations. $
** Category, preferred at p - 0.14.
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Appendix j. (conc,)
Season
Slope
steepness
(percent)
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Winter 0 - 10 86 0.065 . 0.098 5 3.32 0,001 - 0.195 Indifferent
11 - 35 252 0.190 0.157 8 9.69 0.038 - 0.276 Indifferent
36 - 60 363 0.274 0.254 13 13.97 0.112 - 0.396 Indifferent
61 - 80 482 0.364 0.216 11 18.56 0.082 - 0.350 Avoided
>  80 142 0.107 0.275 14 5.46 0.128 - 0.422 Preferred
Total 
1980 - 81 0 - 1 0 86 0.065 0.026 9 22.10 0.006 - 0.046 Avoided
11 - 35 252 0.190 0.115 39 64.60 0.075 - 0.155 Avoided
36 - 60 363 0.274 0.326 111 93.16 0.267 - 0.385 Indifferent
60 - 80 482 0.364 0.324 * 110 123.76 0.265 - 0.383 Indifferent
>  80 142 0.107 0.209 71 36.38 0.158 - 0.260 Preferred
&
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* Confidence interval could not be calculated for "0" group observations, 
** Category preferred at p ■ 0.14.
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Season
Total
Slope
steepness
(percent)
Total 
area 
estimate 
(ha)
Proportion of Proportion of 
study area group ohser
in each 
category
vations in 
each category
Ram
Confidence interval 
Expected on proportion of 
Number of number of group observations<* —----  /A »groups
observed groups (90% family confi- observed dence coefficient)
Apparent
selection
behavior
1980 - 81 0 - 1 0  
11 - 35
86
252
0.065
0.190
0.048
0.161
3
10
4.03
11.78
0 - 0.111 
0.052 - 0.270
Indifferent
Indifferent
36 - 60 363 0.274 0.210 13 16.99 0.089 - 0.331 Indifferent
61 - 80 482 0.364 0.323 20 22.57 0.185 - 0.461 Indifferent
>  80 142 0.107 0.258 16 6.63 0.129 - 0.387 Preferred
* Confidence interval could not be calculated for "0" 
** Category preferred at p - 0.14.
group observations.
CDQ.
■DCD
(/)(/)
CD■DOQ.CgQ.
■DCD
C/)Wo"30
3CD
8
CQ'3"
1
3CD
"nc3.
3"CD
CD■DOQ.CaO
3■DO
CDQ.
■DCD
C/)C/)
Appendix K. Seasonal and annual use of elevation classes by radio-collared bighorns, 1980 - 81.
Season ElevationCm)
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Spring <850 301 0.227
Ewes
0.109 6 12.48 0.009 - 0.209 Avoided
850 - 980 295 0.223 0.400 22 12.26 0.242 - 0.558 Preferred
980 - 1100 285 0.215 0.291 16 11.83 0.145 - 0.437 Indifferent
1100 - 1220 242 0.183 0.145 8 10.07 0.032 - 0.258 Indifferent
1220 - 1340 151 0.114 0.055 3 6.27 0 - 0.128 Indifferent
>1340 51 0.038 0 0 2.09 * nsd
<  850 301 0.227 0.049 2 9.31 0 - 0.130 Avoided
850 - 980 295 0.223 0.292 12 9.14 0.122 - 0.462 Indifferent
980 - 1100 285 0.215 0.244 10 8.82 0.084 - 0.404 Indifferent
1100 - 1220 242 0.183 0.244 10 7.50 0.084 - 0.404 Indifferent
1220 - 1340 151 0.114 0.122 5 4.67 0 - 0.244 Indifferent*
>1340 51 0.038 0.049 2 1.56 0 - 0.130 Indifferent
* Confidence interval could not be calculated for "0" group observations.
** "Avoided" at p • 0.15.
*** "Preferred" at p “ 0.16.
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Season Elevation 
(m) .
Total 
area 
estimate 
(ha) .
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
Summer 41850 301 0,227 0.187 25 30.42 0.106 - 0.268 Indifferent
850 - 980 295 0.223 0.328 44 29.88 0.231 - 0.425 Preferred
980 - 1100 285 0.215 0.284 38 28.81 0.191 - 0.377 Indifferent
1100 - 1220 242 0.183 0.119 16 24.52 0.052 - 0.186 Indifferent**
1220 - 1340 151 0.114 0.052 7 15.28 0.006 - 0.098 Avoided
>  1340 51 0.038 0.030 4 5.09 0 - 0.065 Indifferent
o'3 Fall 850 301 0.227 0.282 22 17.71 0.160 - 0.404 Indifferent"OO3; 850 - 980 295 0.223 0.295 23 17.39 0.172 - 0.418 Indifferent3
Û. 980 - 1100 285 0.215 0.334 26 16.77 0.206 - 0.462 Indifferent***
1100 - 1220 242 0.183 0.038 3 14.28 0 - 0.090 Avoided
1■D 1200 - 1340 151 0.114 0.013 1 8.89 0 - 0.044 Avoided *
3C/)C/Î >  1340
51 0.038 0.038 3 2.96 0 - 0.090 Indifferent
o'
3 * Confidence interval could not be calculated for "0" group observations.
** "Avoided” at p “ 0.15.
*** "Preferred" at p • 0.16.
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Season Elevation 
(m) ..
Total
area
estimate
(ha)
Proportion of 
study area 
in each 
category
Proportion of 
group obser­
vations in 
each category
Number of 
groups 
observed
Expected 
number of 
groups 
observed
Confidence interval 
on proportion of 
group observations 
(90% family confi­
dence coefficient)
Apparent
selection
behavior
O
c5' Winter ^  850 •301 0.227 0.320 16 11.35 0.162 - 0.478 Indifferent
3i 850 - 980 295 0.223 0.380 19 11.15 0.216 - 0.544 Indifferent3CD 980 - 1100 285 0,215 0.160 8 10.75 0.036 - 0.284 Indifferent
"nc
3-
1100 - 1220 242 0.183 0.060 3 9.15 0 - 0.140 Avoided
CD3 1220 - 1340 151 0.114 0.060 3 5.70 0 - 0.140 Indifferent
"OoQ.c
>  1340 51 0.038 0.020 1 1.90 0 - 0.067 Indifferent
a
O3
■O
O
Total
1980-81 <850 301 0.227 0.198 71 81.28 0.148 - 0.248 Indifferent
3"CT
1—H
850 - 980 295 0.223 0.335 120 79.83 0.275 - 0.395 Preferred
Q.$
(—H
980 - 1100 285 0.215 0.274 ' 98 76.97 0.218 - 0.330 Preferred
3"
OC_ 1100 - 1220 242 0.183 0.112 40 . 65,51 0.072 - 0.152 Avoided"3CD
3
1220 - 1340 151 0.114 0.053 19 40.81 0.025 - 0.081 Avoided *c/)'c/)o"3 >  1340 51 0.038 0.028 9 13.60 0.007 - 0.049 Indifferenc
* Confidence interval could not be calculated for "0".group 
** "Avoided" at p = 0.15.
*** "Perferred" at p “ 0.16.
observations.
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Appendix K. (Cone.)
Season Elevation(m)
Proportion of Proportion of 
Total study area group obser- 
area in each vations in
estimate category each category 
(ha)  _______________ __
~  Confidence interval
Expected on proportion of
Number of number of group observations Apparent
groups groups (90% family confi- selection
observed observed dence coefficient) behavior
Ram
lOUOi.
1980-81 <850 ,301 0.227 0.103 7 15.44 0.015 - 0.191 Avoided
850 - 980 295 0.223 0.309 21 15.16 0.175 - 0.443 Indifferent
980 - 1100 285 0.215 0.397 27 14.62 0.255 - 0.539 Preferred
1100 - 1220 242 0.183 0.132 9 12.44 0.034 - 0.230 Indifferent
1220 - 1340 151 0.114 0.044 3 7.75 0 - 0.103 Avoided
>  1340 51 0.038 0.015 1 2.59 0 - 0.050 Indifferent
*
**
Confidence interval could not be calculated for "0" group observations. 
’’Avoided" at p = 0.15.
*** "Preferred" at p » 0.16,
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